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ABSTRACT
Colletotrichum gloeosporioides, C. capsici, C. acutatum, and C. 
coccodes incite pepper anthracnose. Species were differentiated based 
on their conidial and colony morphology as well as colony growth rates. 
In a survey of southern Louisiana pepper fields in September, 1987, 
anthracnose incidence ranged from 5 to 75 percent. Colletotrichum 
capsici, C. gloeosporioides, and C. acutatum were the incitants of 
anthracnose in the fields surveyed. Reactions of bell pepper and 
tomato fruit to isolates of C. gloeosporioides, C. capsici, C. 
acutatum, and C. coccodes from pepper and tomato were determined by 
injecting mature fruit with conidial suspensions. All isolates caused 
characteristic anthracnose symptoms on both hosts.
Pathogenicity of 10 Colletotrichum spp. to pepper, tomato, apple, 
strawberry, snap bean, and blueberry fruit was determined by 
inoculations with conidial suspensions. Isolates of C. 
gloeosporioides, C. fragariae, and C. acutatum, regardless of host 
origin, were pathogenic on all fruit inoculated except snap bean and 
could not be separated based on the reactions of fruit inoculated. 
Isolates of C. coccodes, C. capsici, and C. truncatum were pathogenic 
to pepper, tomato, and apple but not to strawberry, blueberry, or snap 
bean. Isolates of C. orbiculare, C. higginsianum, C. lindemuthianum, 
and C. falcatum were not pathogenic to most fruit tested.
Crop debris and seed were investigated as sources of inoculum for 
pepper anthracnose. Incidence of anthracnose incited by C. capsici and 
C. gloeosporioides ranged from 36 to 93% throughout the season on 
pepper pods grown in fields with infested debris and on pods from
plants grown from infected seed. Low levels, 3 to 6%, of pod infection 
by C. gloeosporioides occurred during early and midseason in fields 
with no known source of inoculum, suggesting the presence of a native 
plant host(s).
Fungicide timing studies were conducted to determine the efficacy 
of maneb and chlorothalonil sprayed at 1 to A wk intervals for the 
control of anthracnose on cayenne and bell peppers. Applications at 1 
and 2 wk intervals significantly reduced disease losses. Mean disease 
loss in the unsprayed plots was 76%, while losses in the weekly sprayed 
chlorothalonil and maneb plots were 25 and 37%, respectively.
viii
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COLLETOTRICHUM SPP. THAT INCITE 
PEPPER ANTHRACNOSE
1
COLLETOTRICHUM SPP. THAT INCITE 
PEPPER ANTHRACNOSE
ABSTRACT
Four Colletotrichum spp. were shown to incite pepper anthracnose. 
Colletotrichum gloeosporioides. C. capsici, C. acutatum, and C. 
coccodes were differentiated based on conidial and colony morphology as 
well as colony growth rates. In a survey of southern Louisiana pepper 
fields during September, 1987, anthracnose incidence ranged from 5 to 
75 percent. Colletotrichum capsici, C. gloeosporioides, and C. 
acutatum, listed in order of frequency isolated, were the incitants of 
anthracnose in the fields surveyed. The reaction of bell pepper and 
tomato fruit to 20 isolates of C. gloeosporioides, C. capsici, C. 
acutatum, and C. coccodes from pepper and tomato was determined. 
Detached mature red fruit were injected with conidial suspensions (25 
ul, 10^ conidia/ml) and incubated at 24 C for 9 days. All isolates, 
regardless of origin, caused characteristic anthracnose symptoms on 
fruit of both hosts.
INTRODUCTION
Anthracnose caused by Colletotrichum spp. is an economically 
important disease of pepper (Capsicum spp.). Under conditions
2
3favorable for disease development, pre- and postharvest fruit losses of 
up to 50 percent have been reported (14,29). This disease is mainly a 
problem on ripe pepper fruit; however seedling disorders and symptoms 
on the foliage and on green fruit have been reported (5,7,10,13,23). 
Typically, symptoms first appear on ripe fruit as small water soaked 
yellow or dark sunken lesions which rapidly expand. The lesions may 
enlarge to 3 or 4 cm in diameter and sometimes coalesce encompassing a 
large portion of the fruit. Fully expanded lesions are sunken and 
range from dark red to light tan in color on red pepper fruit with 
varying amounts of visible dark stromatic fungal tissue. Generally, 
numerous setose or glabrous acervuli bearing pale buff to salmon 
colored spore masses occur scattered or in concentric rings on the 
lesions (5,10,11,12,23).
The earliest report found on pepper (Capsicum annuum) anthracnose 
was by Halsted in 1890 (10). In that report, Gloeosporium piperatum E. 
& E. and Colletotrichum nigrum E. & Hals, were listed as incitants of 
the disease. Halsted did not document a citation by Ellis and Everhart 
for what should be the original description of G. piperatum and we were 
unable to locate the original description. Halsted (11) later 
published a description of C. nigrum in 1891, but the description does 
not list colony characteristics and the conidial measurements overlap 
with several Colletotrichum spp. These deficiencies in the 
descriptions of G. piperatum (10) and C. nigrum (11) have led to 
confusion in the literature as to which species subsequent 
investigators were actually working (Table 1). The identity of the two 
species with which Halsted (10) did his work will probably always 
remain in question.
4In 1898, Stoneman (25) working with an isolate of Gloeosporium 
piperatum from Mississippi described the teleomorph of this species as 
Gnomoniopsis piperata Stoneman. She found the teleomorph of 
Gloeosporium piperatum to be almost indistinguishable from that of 
Gnomoniopsis cingulata Stoneman (25). Due to a prior use of the name, 
Gnomoniopsis, the genus was renamed Glomerella (Stoneman) Spauld. & 
von Sch. (20). Dastur (6) working with fungal isolates from Burma 
identified as Gloeosporium piperatum and C. nigrum concluded that they 
were in fact the same species and were the anomorphs of Glomerella 
cingulata (Stoneman) Spauld. & von Sch. Later work by Smith and 
Crossan (23,24), in agreement with Dastur, concluded that Gloeosporium 
piperatum and C. nigrum were identical and should be referred to as 
Colletotrichum piperatum (E. & E.) E. & H. Based on Dastur’s and 
Smith's descriptions of conidial and colony morphology (6,23), it 
appears their isolates are conspecific with the current taxonomic 
description of C. gloeosporioides (Penz.) Sacc (1,2,26) (Table 1).
Higgins' work (13) with Colletotrichum and Gloeosporium isolates 
from Georgia and observations of slides of type material of 
Gloeosporium piperatum from Stoneman (25) led him to conclude that 
Gloeosporium piperatum and C. nigrum were in fact distinct species. 
Furthermore, Higgins was of the opinion that Dastur had never worked 
with either of these two species. Higgins' descriptions of C. nigrum 
isolates as sclerotial-producing and his statement that isolates were 
morphologically similar to C. tabafica (Hallier pro-parte) Pethybridge 
(=C. coccodes) suggest that his C. nigrum isolates are taxonomically 
identical to C. coccodes (Wallr.) Hughes (13,26) (Table 1). Von Arx 
(2) states that C. nigrum is hardly distinguishable from C. coccodes
5Table 1. Possible synonymy of species reported to cause pepper
anthracnose within the current taxonomic scheme2 of the genus
Colletotrichum
Species Citation
Colletotrichum gloeosporioides (Penz.) Sacc. Sutton 1980
Colletotrichum gloeosporioides (Penz.) Sacc. von Arx 1970
Colletotrichum piperatum (E. & E.) E. & H. Smith 1958
Colletotrichum nigrum E. & H. Smith 1958
Gloeosporium piperatum E. & E. Smith 1958
Gloeosporium piperatum E. & E. von Arx 1957
Colletotrichum nigrum E. & Hals. von Arx 1957
Verraicularia capsici Syd. von Arx 1957
Colletotrichum nigrum E. & Hals. Dastur 1920
Gloeosporium piperatum E. & E. Dastur 1920
Gloeosporium piperatum E. & E. Higgins 1926
Gloeosporium piperatum E. & E. Stoneman 1898
Colletotrichum nigrum E. & Hals. Halsted 1890
Gloeosporium piperitum E. & E. Halsted 1890
Colletotrichum coccodes (Wallr.) Hughes Sutton 1980
Colletotrichum atramentarium (B. & B.) Taubenh. Verma 1974
Colletotrichum coccodes (Wallr.) Hughes von Arx 1970
Colletotrichum nigrum E. & Hals. von Arx 1970
Colletotrichum atramentarium (B. & B.) Taubenh. von Arx 1957
Colletotrichum nigrum E. & Hals. Higgins 1926
Colletotrichum tabafica (Hallier) Pethybridge Higgins 1926
Colletotrichum nigrum E. & Hals. Halsted 1890
Colletotrichum acutatum Simmonds Sutton 1980
Gloeosporium piperatum E. & E. Higgins 1926
Gloeosporium piperitum E. & E. Halsted 1890
Colletotrichum capsici (Syd.) Butl. & Bisby Sutton 1980
Colletotrichum dematium (Pers. ex. Fr.) Grove Verma 1974
Colletotrichum dematium (Pers. ex. Fr.) Grove von Arx 1970
Colletotrichum dematium (Pers. ex. Fr.) Grove von Arx 1957
Vermicularia capsici Syd. von Arx 1957
Colletotrichum capsici (Syd.) Butl. & Bisby von Arx 1957
Colletotrichum capsici (Syd.) Butl. & Bisby Butler & Bisby 1931
Vermicularia capsici Syd. Higgins 1930
Vermicularia capsici Syd. Sydow 1913
2
Synonymies based on the best fit of the fungal description in each 
citation with the current taxomonic description of recognized species 
in the genus Colletotrichum (B.C. Sutton 1980).
6(Table 1). Cultural characteristics as well as conidial descriptions 
indicate Higgins' isolates of Glomerella piperatum and Gloeosporium 
piperatum are similar to C. gloeosporioides, but may also include 
isolates of C. acutatum (13) (Table 1).
A fruit rot of peppers in India caused by Vermicularia capsici was 
described by Sydow in 1913 (27). This same malady was later reported 
in Georgia (IA). Higgins proposed the name, ripe rot, for this disease 
in reference to the fact that it is mainly a problem on red peppers. 
This species was later synonymized with Colletotrichum capsici (Syd.) 
Butl. & Bisby (A).
Several other species of Colletotrichum, such as C. atramentarium 
(Berk. & Br.) Taubenh. (=C. coccodes) (21,28,29), C. dematium (Pers. ex 
Fr.) Grove (21,28,29), C. graminicola (Ces.) Wilson (28), C. 
gloeosporioides (6,9,21,28), and C. acutatum (9,21), have been 
identified as causing fruit rots of ripe pepper. Throughout much of 
the literature, pepper fruit rot incited by C. capsici is referred to 
as "ripe rot", while fruit rots incited by other Colletotrichum spp. 
and Gloeosporium spp. are referred to as "anthracnose". In this paper, 
we will refer to fruit rots incited by any species of Colletotrichum as 
anthracnose.
The objectives of this study were to identify species of 
Colletotrichum that incite pepper anthracnose and to determine the 
virulence of these isolates to pepper and tomato fruit.
MATERIALS AND METHODS
Isolation and maintenance of cultures. Isolations were made by
7placing 4 mm tissue pieces excised from the edge of expanding lesions 
onto Difco potato dextrose agar amended with 30 mg/1 of streptomycin 
sulfate and 50 mg/1 of chloramphenicol (PDAsc). Isolation plates were 
incubated under continuous fluorescent light and conidia from 
sporulating colonies were dilution streaked onto PDA to allow for 
development of single colonies that were removed after 12-16 hr and 
placed on PDA slants for growth and sporulation. Conidia were washed 
from the tube cultures with sterile milk and stored on silica gel (19).
Over a five year period, three species of Colletotrichum were 
isolated from peppers in Louisiana. Colletotrichum gloeosporioides and 
C. capsici were isolated from diseased bell, cayenne, jalapeno, 
(Capsicum annuum L.), and tabasco (C. frutescens L. ) pepper pods. 
Colletotrichum acutatum was isolated from diseased bell and jalapeno 
pepper pods. Additional isolates of these three Colletotrichum spp. 
from pepper and tomato and isolates of C. coccodes from tomato were 
obtained from diverse geographic locations for comparison with the 
Louisiana pepper isolates.
Representative isolates of C. gloeosporioides, C. capsici, C. 
acutatum, and C. coccodes were sent to B.C. Sutton of the Commonwealth 
Mycological Institute who verified the identifications.
Conidial morphology and colony characteristics. Fifteen isolates 
representing the four species that incite anthracnose of pepper were 
observed for differences in conidial morphology and colony 
characteristics. Cultures for these observations were grown in petri 
plates on PDA, incubated at approx. 24 C, and exposed to continuous 
fluorescent light. The light source was a bank of three 20 watt cool 
white fluorescent tubes spaced on 25 cm centers and suspended 30 cm
8above the laboratory bench surface on which the plates were located. 
Conidia were collected with an inoculating loop from randomly selected 
areas on each plate and examined microscopically in a water mount. 
Twenty-five conidia in each of four wet mounts were measured with an 
ocular micrometer at a magnification of 400x. At the same time, the 
predominant conidial shape of each isolate was determined and the 
isolates were placed into one of three morphological categories. The 
three conidial categories were cylindrical, fusiform, and falcate. 
Isolates were further characterized by their colony color, reverse 
colony color, and growth habit. Additionally, each isolate was 
observed for the occurrence or absence of setae and sclerotia.
Temperature and colony growth. Radial growth of three isolates of 
C. gloeosporioides (C-3, C-20, and C-27), two isolates of C. capsici 
(C-19 and C-ll), two isolates of C. acutatum (C-4 and C-8), and three 
isolates of C. coccodes (TB-4, TB-145, TB-9) was measured over a range 
of temperatures to evaluate the temperature-growth rate response as a 
parameter for use in identification of the Colletotrichum species. 
Mycelial plugs A mm in diameter were removed from the leading edge of 
7-day-old cultures grown at room temperature (approx. 2A C) under 
continuous fluorescent light on PDA and placed in the center of 10 cm 
PDA plates which were held at room temperature in brown paper bags for 
24 hr before being transferred into temperature controlled incubators. 
Three replicates of each isolate were incubated in the dark at 8, 12,
16, 20, 24, 28, 32, and 36 C. Radial growth of the individual colonies
was measured 6 days after placing the plates in the incubators.
Anthracnose incidence and causal agents. Two pepper growing areas
of south Louisiana were surveyed in September, 1987 to determine the
9incidence of anthracnose and the Colletotrichum species associated with 
the disease. Incidence of diseased pods was determined by making 
random counts of 100 pepper pods from three locations in each field 
examined. A minimum of 10 representative diseased pepper pods was 
collected from each field and isolations were made to identify the 
causal organism(s). Isolations were made from one randomly selected 
lesion on each pod. Colletotrichum isolates obtained in this study 
were identified to species based on their colony characteristics and 
conidial morphology.
Fruit inoculation studies. Inocula were produced by streaking 
conidial masses with an inoculating loop onto PDA plates and incubating 
them at 24 C under continuous fluorescent light for 7 days. Conidia 
were washed from the plates, filtered through a double layer of 
cheesecloth, and adjusted, unless otherwise noted, to 10^ conidia/ml 
with the aid of a hemacytometer. Detached pepper and tomato fruit were 
inoculated by injection of 25 ul of a conidial suspension under the 
epidermis using a 1 ml tuberculin syringe fitted with a 22 gauge 
hypodermic needle. Fruit injected with distilled water served as a 
control. Inoculated fruit were incubated uncovered on a laboratory 
bench at room temperature (approx. 24 C) unless otherwise stated.
The effect of conidial concentration on anthracnose lesion
development in pepper and tomato fruit was examined. Ten red and five
mature green Yolo Wonder bell pepper fruit plus five red and five
mature green Bonny Best tomato fruit that had been detached were
6 6inoculated with four conidial concentrations ranging from 10 to 9x10 
conidia/ml. Fruit inoculated with conidia of C. gloeosporioides, 
isolate C-3, and C. capsici, isolate C-19, were examined after.14 days
10
for symptom development and lesion diameters were measured.
Attached and detached fruit were compared for assessing virulence 
of Colletotrichum isolates. Attached and detached red fruit of cayenne 
selection, LSU 16, pepper from greenhouse grown plants were inoculated 
with conidial suspensions (25 ul, 10 conidial/ml) of C. 
gloeosporioides, C. capsici, C. acutatum, and C. coccodes. Inoculated 
detached fruit were placed on brown kraft paper on the greenhouse bench 
adjacent to plants with inoculated attached pepper fruit. Lesion 
development on pods was rated 7 days after inoculation. Greenhouse 
night and day temperatures ranged from 23 to 34 C.
Four isolates each of C. gloeosporioides, C. acutatum, and C. 
coccodes and 8 isolates of C. capsici obtained from pepper or tomato 
were used in inoculation studies of both tomato and pepper fruit. Yolo 
Wonder pepper and Heinz 1350 tomato fruit were detached at the ripe red 
stage of maturity and inoculated to determine the pathogenicity and 
virulence of each isolate on each host. Three pepper and three tomato 
fruit were inoculated at three sites with each isolate by hypodermic 
injection of conidia. Fruit were examined for lesion development and 
lesion diameters were measured 9 days after inoculation.
RESULTS
Conidial morphology. The predominant conidial shape of all 
isolates examined fit into one of three morphological groups, a) 
cylindrical, b) fusiform, or c) falcate (Fig. 1 & Table 2). Isolates 
designated as C. gloeosporioides and C. coccodes were placed into the 
cylindrical spored category, while C. acutatum isolates and C. capsici
11
isolates could be distinguished from the other species based on their
fusiform and falcate shaped conidia, respectively (Table 2).
Conidia of all C_;_ gloeosporioides isolates had a combined mean 
length of 16.8 um and individual isolates means ranged from 12.7 to 
18.A um. The mean combined width of conidia of the isolates was 5.6 um 
with a range of 5.0 to 6.7 um among isolate means (Table 2).
Isolates of C. coccodes had a combined mean conidial length of
21.2 um with a range of 20.1 to 22.7 um among isolate means. Combined 
mean conidial width of all isolates was 4.3 um with a range of 4.0 to 
4.5 um among isolate means (Table 2).
Conidia of the C. capsici isolates had a combined mean length of 
27.8 um and the mean of individual isolates ranged from 22.3 to 31.7 
um. Combined mean conidial width of all isolates was 3.8 um with a
range of 3.3 to 4.3 um among isolate means (Table 2).
Combined mean conidial length of all C. acutatum isolates was 15.0 
um with a range of individual isolate means from 13.8 to 15.7 um. 
Combined mean conidial widths of isolates was 4.9 um with individual 
isolate means ranging from 4.7 to 5.3 um (Table 2).
Colony characteristics. Colony morphology is a useful tool for 
initial separation of Colletotrichum spp. Colonies of Colletotrichum 
spp. obtained from infected pepper pods varied in aerial growth color 
and colony reverse color as well as production of setae and sclerotia 
(Fig. 2 & Table 3).
Aerial growth of C. gloeosporioides isolates ranged from sparse 
aerial mycelia with numerous acervuli visible to heavy growth of aerial 
mycelia with few or no acervuli visble. Coloration of the aerial 
mycelium was generally white with older growth becoming gray. Reverse
Figure 1. Conidia of Colletotrichum spp. that incite pepper 
anthracnose: A) C. gloeosporioides, isolate C-3; B) C. acutatum, 
isolate C-22; C) C. capsici, isolate C-24; D) C. coccodes, isolate 
NYTA. Scale bar equals 10 um.
13
Table 2. Comparison of conidial morphology of several isolates of four 
Colletotrichum spp. that incite pepper anthracnose____________________
Length (um) Width (um)
Species/
Isolate Conidial shape Range^ Mean
y
Range-7 Mean
C. gloeosporioides
C-5 Cylindrical 18.1 - 18.6 18.4 4.9 - 5.5 5.1
F. Gem Cylindrical 18.0 - 18.3 18.2 4.9 - 5.1 5.0
C-3 Cylindrical 17.5 - 18.0 17.8 5.1 - 5.2 5.2
C-15 Cylindrical 17.0 - 18.0 17.3 5.6 - 6.7 6.0
NC 87-21 
Mean
Cylindrical 12.5 - 13.0 12.7
16.8
6.5 - 6.9 6.7
5.6
C. acutatum
C-22 Fusiform 15.4 - 16.2 15.7 5.2 - 5.4 5.3
C-8 Fusiform 15.4 - 15.7 15.6 4.6 - 4.8 4.7
C-4
Mean
Fusiform 13.4 - 14.3 13.8
15.0
4.8 - 4.9 4.8
4.9
C. capsici
C-24 Falcate 31.2 - 32.2 31.7 3.9 - 4.6 4.3
FCLS Falcate 30.7 - 32.0 31.3 3.3 - 3.6 3.4
C-14 Falcate 28.1 - 30.1 29.1 3.3 - 3.8 3.5
C-19 Falcate 26.4 - 28.1 27.2 3.3 - 3.5 3.4
C-6 Falcate 24.7 - 25.9 25.4 3.5 - 4.1 3.8
TB-59
Mean
Falcate 22.0 - 22.4 22.3
27.8
4.3 - 5.0 4.6
3.8
C. coccodes
TB-145 Cylindrical 22.5 - 23.1 22.7 3.8 - 4.2 4.0
TRC Cylindrical 20.4 - 21.3 20.7 4.2 - 4.7 4.5
NYTA Cylindrical 19.6 - 20.5 20.1 4.3 - 4.6 4.4
Mean 21.2 4.3
X Microscopic observation (400x) of water mounts of conidia scraped 
from 7- to 14-day-old cultures grown on PDA.
^ Range of means. Measurements from four sets of conidia, 25 
conidia/set.
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colony color was typically white to light gray with some isolates 
becoming dark brown to black with age (Fig. 2 & Table 3). Setae were 
sparse to abundant and no sclerotia were produced (Table 3).
Colonies of Colletotrichum acutatum isolates were covered with 
moderate to heavy mycelial growth. Coloration of aerial mycelia was 
initially white turning light pink to rose with older mycelia toward 
the center of the colony becoming olivaceous to gray. A rose colony 
reverse of varying intensity was associated with all C. acutatum 
isolates tested (Table 3 & Fig. 2). Acervuli were not easily 
distinguished but heavy sporulation was observed near the center of 
most colonies. No setae or sclerotia were observed among the isolates 
tested (Table 3).
Colletotrichum capsici colonies were covered with sparse to 
moderate aerial mycelial growth. The aerial mycelia of isolates ranged 
from white to light gray to black. The reverse colony color was similar 
to that of the aerial mycelium (Table 3 & Fig. 2). Numerous acervuli 
were observed in all isolates with abundant setae in all but one 
isolate. No sclerotia were observed among the isolates examined (Table 
3).
Isolates of C. coccodes produced little or no aerial mycelium. 
Aerial mycelium was black and appressed to the agar surface. The 
reverse colony color ranged from dark brown to black (Table 3 & Fig 2). 
Acervuli were numerous and easily visible, but setae production was 
sparse. Abundant sclerotia were observed among the C. coccodes 
isolates (Table 3).
Temperature and colony growth. Isolates of all Colletotrichum 
spp. exhibited some growth at incubation temperatures from 8 to 36 C,
15
Figure 2. Colony characteristics of Colletotrichum spp. that incite 
pepper anthracnose. Ten-day-old cultures on PDA in 10 cm petri plates: 
A) Upper surface of colony, B) Colony reverse. (Clockwise from upper 
left) C. gloeosporioides. isolate F. Gem; C. acutatum, isolate C-22; C. 
coccodes, isolate TRC; and C. capsici, isolate C-24.
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Table 3. Cultural characteristicsV of Colletotrichum spp. isolates 
that incite pepper anthracnose___________________________________
Aerial Growth Reverse
Colony
Isolate SetaeW Sclerotiax Amounty Color Color
C. gloeosporioides
F. Gem ++ - +/- White, Gray White, Gray
C-5 ++ - +/- White, Gray White, Gray
NC 87-21 ++ - +/- White White, Gray
C-15 + - +++ White, Gray Gray, Black
C-3 + - ++ White White
C. acutatum
C-22 - - +++ Pink, Gray Rose
C-8 - - ++ Rose, White Rose
C-4 - - ++ Pink, Olive, Gray Rose
C. capsici
C-6 ++ - ++ White, Gray Gray
C-24 ++ - +/- White Gray
C-19 ++ - +/- White Gray
FCLS -H- - +/- White Gray
C-1A ++ - +/- White Gray
TB-59 + - ++ Black Brown, Black
C. coccodes
NYTA + + +/- Black Black
TRC + + +/- Black Black
TB-1A5 + + +/- Black Black
V Cultural characteristics were recorded after 10 days growth on PDA 
under continuous fluorscent light at 24 C.
Setae: ++ = abundant, + = sparse, - = absent.
x
Sclerotia: + = present, - = absent.
y Aerial mycelial growth: +++ = heavy, ++ = moderate, +/- = sparse to 
none.
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but growth was very limited at 8, 12, and 36 C (Fig. 3). After 6 days, 
statistical differences (P < 0.05) were observed in the amount of 
radial growth among the four Colletotrichum spp. at all temperatures. 
After 6 days at 32 C, mean colony diameters for isolates of C. 
gloeosporioides, C. capsici, C. coccodes, and C. acutatum were 80.A, 
53.0, 52.8, and 39.0 mm, respectively. Radial growth of isolates of C. 
gloeosporioides was significantly greater at 32 C than isolates of the 
other three species, while radial growth of isolates of C. acutatum was 
significantly less (Fig. 3). Maximum growth rate occurred at 2A C for
C. acutatum, at 28 C for C. gloeosporioides and C. coccodes, and at 32 
C for C. capsici.
Anthracnose incidence and causal agents. Anthracnose occurred at 
all locations sampled with incidence of diseased fruit ranging from 5 
to 75 percent (Table A). Colletotrichum gloeosporioides, C. capsici, 
and C. acutatum were the incitants of anthracnose in the fields 
surveyed. On an area-wide basis, C. capsici was most frequently 
associated with pod lesions, and was the predominant organism in fields 
with the highest (75%) incidence of pod infections (Table A). 
Colletotrichum gloeosporioides and C. capsici were isolated from 
peppers at almost every location sampled, while C. acutatum was 
isolated from two of eight fields in the southeastern part of the 
state.
Fruit inoculation studies. Experiments were conducted to evaluate 
inoculation procedures for use in determining the pathogenicity and 
virulence of Colletotrichum isolates on pepper. Preliminary studies 
with C. gloeosporioides and C. capsisi indicated that inoculum 
concentrations greater than 10^ conidia/ml had little influence on
18
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Figure 3. Radial growth of Colletotrichum spp. colonies over a range 
of temperatures. Growth on PDA in 10 cm Petri plates was measured 
after 6 days incubation in the dark at each temperature. Scale bar = 
LSD (P = 0.05).
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Table 4. Anthracnose incidence on pepper pods in south Louisiana 
pepper fields and the associated Colletotrichum spp. during the 1987 
harvest season
Pathogens involved (%)^
Location Pepper Type
Disease
Incidence Cg Cc Ca
Cypress Island Cayenne 5 100 0 0
Cypress Island Cayenne 10 30 70 0
St. Martinville Cayenne 10 9 91 0
Breaux Bridge Cayenne 10 8 92 0
Parks Cayenne 75 4 96 0
Pontchatoula Jalapeno 20 43 11 46
Pontchatoula Jalapeno 20 19 58 23
Pontchatoula Jalapeno 75 13 87 0
a Random counts of 100 pods in three areas at each location were used 
to determine the disease incidence.
k Cg = C. Eloeosporioides, Cc = C. capsici, Ca = C. acutatum.
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lesion development or size on inoculated red pepper or red tomato 
fruit. Mean lesion diameters which resulted from inoculations with 
various conidial concentrations of C. gloeosporioides ranged from 20.6 
to 24.1 mm and 60.6 to 65.0 mm on pepper and tomato fruit, 
respectively. Mean lesion diameters which resulted from inoculations 
with various conidial concentrations of C. capsici ranged from 21.2 to
27.3 mm and 32.2 to 56.0 mm on pepper and tomato fruit, respectively 
(Appendix, Table 1). No significant differences were observed among 
lesion diameters on pepper or tomato fruit inoculated with any conidial 
concentration tested with C. gloeosporioides or C. capsici (Appendix, 
Table 1). Lesions developed on mature green pepper and tomato fruit 
following inoculation with conidial suspensions of both C. 
gloeosporioides and C. capsici, but only after the fruit had begun to 
turn red. No significant differences were found in lesion diameters 
that developed on tomato or pepper fruit following inoculation of the 
fruit in the green stage (Appendix, Table 1).
Preliminary experiments also were conducted using single isolates 
of C. gloeosporioides, C. capsici, C. coccodes, and C. acutatum to 
determine the influence of attached and detached red pepper fruit on 
lesion diameters. Similar lesions developed with each isolate tested 
on attached and detached pepper fruit with no statistical differences 
in lesion size (Appendix, Table 2).
Based on information from the study on spore concentration and the 
comparison of lesion development on attached and detached fruit, 
suspensions of 10^ conidia/ml were used to inoculate detached mature 
red pepper and tomato fruit in the remainder of the studies.
In a study to examine Colletotrichum isolates for host specificity
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to pepper or tomato, all 20 isolates tested, regardless of host origin, 
produced lesions on both pepper and tomato fruit (Table 5). Mean 
lesion diameters ranged from 9.A to 19.3 mm on bell pepper fruit and 
from 17.8 to 43.A mm on tomato fruit. Lesions incited by any given 
isolate were larger on tomato than those incited by the same isolate on 
pepper. Mean lesion diameters incited by the four C. gloeosporioides 
isolates ranged from 9.A to 15.0 mm on pepper and 22.5 to 36.7 mm on 
tomato. There was no statistical difference in virulence, based on 
lesion size, among the isolates tested on either host. Virulence among 
isolates within each of the other three species - C. acutatum, C. 
capsici, and C. coccodes - varied significantly when compared on pepper 
fruit and also when compared on tomato fruit (Table 5). However, the 
level of virulence of each isolate was not always the same on pepper 
and tomato fruit. Mean lesion diameter of C. acutatum-incited lesions 
ranged from 11.3 to 17.3 mm on pepper and 30.2 to 39.1 mm on tomato 
fruit. Mean lesion diameter of C. capsici-incited lesions ranged from
10.0 to 19.3 mm on pepper and 17.8 to A0.3 mm on tomato fruit. Mean 
lesion diameter of C. coccodes-incited lesions ranged from 9.9 to 17.3 
mm on pepper and 25.8 to A3.A mm on tomato fruit.
DISCUSSION
Since Halsted (10,11) first described G. piperatum and C. nigrum 
as the causal agents of pepper anthracnose, researchers have disagreed 
over the identity and speciation of the organisms associated with this 
disease (6,11,13,23). Due to the lack of a detailed description and 
adequate type material, it appears unlikely that the exact identity of
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Table 5. Virulence of Colletotrichum spp. from pepper and tomato 
in cross-inoculations
-
Species/Isolates
Isolate
Origin
Original
Host
Mean Lesion
W /Diameter (mm)
X VPepper Tomato-7
C. gloeosporioides
C-15 Avery Island, LA Pepper 15.0aZ 22.5a
C-5 Baton Rouge, LA Pepper 12.4a 29.0a
C-3 Baton Rouge, LA Pepper 11.7a 36.7a
CFTS Avery Island, LA Pepper 9.4a 31.0a
CONTROL Distilled Water - 0.0b 0.0b
C. acutatum
C-4 Pointe Coupee, LA Pepper 17.3a 39.1a
TB-101 Bridgeton, NJ Tomato 13.7ab 34.8a
C-8 Grundy County, TN Pepper 12.lab 30.2b
TB-128 Montrose, VA Tomato 11.3b 35.4a
CONTROL Distilled Water - 0.0c 0.0c
C. capsici
FCLS Baton Rouge, LA Pepper 19.3a 33.5ab
C-19 Baton Rouge, LA Pepper 17.7ab 33.2ab
C-ll Baton Rouge, LA Pepper 16.2ab 40.3a
C-2 Baton Rouge, LA Pepper 16.0ab 34.0ab
C-l Baton Rouge, LA Pepper 14.labc 24.8bc
TB-132 Montrose, VA Tomato 14.Obc 40.3a
TB-59 Charleston, SC Tomato 10.9c 37.7ab
C-6 Baton Rouge, LA Pepper 10.0c 17.8c
CONTROL Distilled Water - O.Od O.Od
C. coccodes
TB-4 Beltsville, MD Tomato 17.3a 43.4a
TB-145 Rock Springs, PA Tomato 11.3b 37.7ab
TB-126 Bridgeton, NJ Tomato 10.0b 25.8c
TB-9 Beltsville, MD Tomato 9.9b 30.9bc
CONTROL Distilled Water - 0.0c O.Od
W Fruit inoculated by injection with 25 ul of a 10^ conidia/ml 
suspension; lesion diameter measured after 9 days.
Yolo Wonder, bell pepper fruit.
^ Heinz 1350, tomato fruit.
Mean separation within columns for isolates of each species by 
Duncan's new multiple range test (P = 0.05).
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the organisms with which Halsted worked will ever be resolved.
We have identified four species of Colletotrichum: C.
gloeosporioides, C. capsici, C. acutatum, and C. coccodes as incitants 
of pepper anthracnose. Colletotrichum gloeosporioides and C. capsici 
were the most frequently isolated species in this study, but C. 
acutatum was found in two of eight fields and was the predominate 
anthracnose pathogen in one. This is the first report of C. acutatum 
inciting pepper anthracnose in the United States. Although C. coccodes 
was not isolated from infected pepper fruit in this survey, it has been 
reported to incite pepper anthracnose (28,29). Fruit inoculations in 
this laboratory, previously (9) and in the current study with C. 
coccodes, have shown that tomato isolates produce typical anthracnose 
symptoms on pepper fruit.
The four Colletotrichum spp. were distinguished based on conidial 
morphology and cultural characteristics. Colletotrichum 
gloeosporioides and C. coccodes isolates both had cylindrical conidia, 
but the two species were differentiated based on the longer, narrower 
conidia of C. coccodes and its abundant production of sclerotia in 
culture. Conidial measurements and colony morphology of isolates of 
the two species fit well with the descriptions of these fungi 
(2,16,17,26). Colletotrichum acutatum isolates were distinguished from 
the other species based on their fusiform-shaped conidia, lack of setae 
in culture, and rose colored reverse. Conidia of C. acutatum isolates 
were slightly longer and wider than those reported in the original 
description (21). A similar observation was made recently with 
strawberry isolates of C. acutatum in which conidia were slightly wider 
than those of the original description (22). Colletotrichum capsici
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isolates were easily distinguished from the other species based on 
their falcate-shaped conidia. Conidial measurements of C. capsici 
isolates agree with those proposed by Mordue for the species (18).
Radial growth rate at various temperatures has been used by others 
as a means to separate species of Colletotrichum (8,15,21). This 
parameter was found useful in the present study for distinguishing the 
species of Colletotrichum that incite pepper anthracnose. After 6 
days, at 32 C, C. gloeosporioides isolates produced significantly 
larger colonies than the other three species, while C. acutatum 
isolates produced significantly smaller colony diameters than the other 
species (Fig. 3). Colony diameters of C. coccodes and C. capsici could 
not be distinguished from each other at 32 C. Colletotrichum acutatum 
isolates attained maximum radial growth at 24 C, while isolates of C. 
gloeosporioides and C. coccodes attained most growth at 28 C, and C. 
capsici isolates at 32 C. Colletotrichum gloeosporioides colonies grew 
significantly faster than the other three species over a temperature 
range of 20 C to 32 C. Earlier work by Simmonds is in agreement with 
our findings (21).
The species of Colletotrichum shown in the present study to cause 
pepper anthracnose are the same as those frequently associated with 
tomato anthraconse (3,16,17,18,26). To determine whether host specific 
isolates for tomato or pepper occur among these species, 
cross-inoculations were made. Virulence among isolates within each 
fungal species to pepper and tomato was determined by comparing mean 
lesion diameters on each host, independently (Table 5). All isolates 
caused larger lesions on tomato than on pepper fruit, but this was 
interpreted to be due to the different fruit types rather than a
25
difference in host preference by the fungal isolates. Some isolates 
within species varied significantly in their virulence to pepper or 
tomato, but the level of virulence for any given isolate was not 
necessarily parallel on both hosts. All isolates, regardless of their 
original host, were pathogenic to both pepper and tomato fruit in 
cross-inoculation tests, thus showing no evidence for host specific 
isolates.
26
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REACTIONS OF PEPPER, TOMATO, APPLE, STRAWBERRY, 
SNAP BEAN, AND BLUEBERRY FRUIT TO 
SEVERAL SPECIES OF COLLETOTRICHUM
ABSTRACT
Pathogenicity of 10 Colletotrichum spp. to pepper, tomato, apple, 
strawberry, snap bean, and blueberry fruit was determined by 
inoculation with conidial suspensions. Isolates of C. gloeosporioides, 
C. fragariae, and C. acutatum, regardless of host origin, were 
pathogenic on all fruit except snap bean and could not be separated 
based on the reactions on fruit inoculated in this study. Isolates of 
C. coccodes, C. capsici, and C. truncatum were pathogenic on pepper, 
tomato, and apple but not on strawberry, blueberry, or snap bean. 
Isolates of C. orbiculare, C. higginsianum, and C. falcatum were not 
pathogenic to most fruit tested, but on occasional fruit caused weakly 
virulent reactions. Isolates of C. lindemuthianum were not pathogenic 
on any host except the beta race isolate which was virulent on 
Harvester snap bean.
INTRODUCTION
Many Colletotrichum spp. incite fruit rots on a wide range of 
hosts. Colletotrichum gloeosporioides (Penz.) Sacc. has been reported 
on 470 different host genera (10). Likewise many hosts exhibit similar
30
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fruit rot symptoms incited by several different Colletotrichum spp.
Four species of Colletotrichum have been shown to incite a fruit rot of 
pepper, Capsicum spp. (6,9,10,11), and as many as nine Colletotrichum 
spp. are reported to incite anthracnose on tomato (Lycopersicon 
esculentum Mill.) (3).
Several species of Colletotrichum are differentiated based on 
their limited host range. Colletotrichum lindemuthianum (Sacc. &
Magn.) Br. & Cav., C. orbiculare (Berk. & Mont.) Arx, C. musae (Berk. & 
Curt.) Arx, and C. higginsianum Sacc. apud Higgins are morphologically 
similar, but each of these species has a greatly restricted host range 
( 1 0 ) .
The primary objective of this study was to determine if there is 
any host specificity among isolates of a given Colletotrichum sp. that 
have been obtained from different hosts. Particular emphasis was 
placed on determination of the host reactions following inoculation 
with isolates of Colletotrichum spp. known to cause pepper, tomato, and 
strawberry anthracnose.
MATERIALS AND METHODS
Isolates of ten different Colletotrichum spp. were collected from 
a number of sources and geographic locations (Table 1). All isolates 
were single-spored upon receipt and stored on silica gel to prevent 
aberrations from repeated culture transfers (8). Isolates were 
retrieved from silica gel at the start of each inoculation study by 
seeding Difco potato dextrose agar (PDA) plates with crystals from 
stored cultures. Silica gel-seeded PDA plates were placed under
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continuous fluoresent light at 24 C until sporulation was observed. 
Spores from these cultures were streaked onto PDA plates and incubated 
under the same conditions for production of inoculum. Adequate 
conidial inoculum was produced by most cultures in 3 to 5 days, but 
sporulation was much slower with lindemuthianum isolates. Conidia 
were washed from the streaked plates with distilled water and filtered 
through two layers of cheese cloth to remove mycelial and agar 
fragments. Fruit were inoculated by injecting conidial suspensions 
(25ul, 10 conidia/ml) under the epidermis with a 1 ml tuberculin 
syringe fitted with a 22 gauge hypodermic needle. Three pepper, 
tomato, apple, and snap bean fruit were inoculated at three sites per 
fruit with conidia of each Colletotrichum isolate. Five strawberry and 
10 blueberry fruit were inoculated at a single site per fruit with 
conidia of each isolate.
Fruit inoculated in this study included Keystone Resistant Giant 
bell pepper, Capsicum annuum L.; Celebrity tomato, Lycopersicon 
esculentum Mill.; Harvester snap bean, Phaseolus vulgaris L.; Red Rome, 
Winesap, and Red Delicious apple, Malus sylvestris Mill.; Chandler and 
Tangi strawberry, Fragaria x ananassa Duch.; and Woodard blueberry, 
Vaccinium ashei Reade. Pepper and apple fruit in the ripe, red stage 
of maturity and bean pods in the green, snap bean stage of maturity 
were purchased from a local produce distributor. Ripe tomato, 
strawberry, and blueberry fruit were harvested locally just prior to 
inoculation.
Prior to inoculation, strawberry fruit were immersed in 70% ethanol 
for 1 min and immediately rinsed with sterile distilled water. No 
other fruit received a surface treatment prior to inoculation. Pepper,
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Table 1. Source of Colletotrichum spp. isolates used in the 
inoculation studies
Species
Isolate
Designation
Isolate Origin
Host Locationi Isolated By
C. gloeosporioides C-3 Pepper LA J. Hadden
C-5 Pepper LA J. Hadden
C-15 Pepper LA J. Hadden
C-20 Pepper LA J. Hadden
C-29 Pepper LA J. Hadden
C-30 Pepper LA J. Hadden
F. GEM Pepper LA L. Black
NC87-21 Apple NC R. Milholland
GL-AP Apple MD J. Maas
C. fragariae CF-4 Strawberry NC R. Milholland
LLB-4 Strawberry LA L. Black
CF-1 Strawberry LA N. Horn
CF-63 Strawberry MS B. Smith
CG-162 Strawberry FL C. Howard
ARK P-l Strawberry AK R. Sterne
NC87-12 Strawberry NC R. Milholland
C. acutatum C-4 Pepper LA J. Hadden
C-8 Pepper TN J. Hadden
C-22 Pepper LA J. Hadden
C-23 Pepper LA J. Hadden
ARK-TOM Tomato AK L. Black
TB-101 Tomato NJ T. Barksdale
TB-128 Tomato VA T. Barksdale
MIL-2 Strawberry MS B. Smith
GOFF Strawberry MO W. Goff
CAL-A Strawberry CA S. Wilhelm
NC87-22 Apple NC R. Milholland
NC87-23 Raspberry NC R. Milholland
NC87-24 Raspberry NC R. Milholland
NC86-2 Grape NC R. Milholland
CA-73 Mango ATCC R. Fitzell
CA-56 Lupine ATCC J. Dingley
DA-3 Dogwood LA C. Affeltranger
C. coccodes TB-145 Tomato PA T. Barksdale
TRC Tomato LA L. Black
NYTA Tomato NY L. Black
C. capsici C-14 Pepper LA J. Hadden
C-19 Pepper LA J. Hadden
C-24 Pepper LA J. Hadden
C-25 Pepper LA J. Hadden
FCLS Pepper LA J. Hadden
TB-59 Tomato SC T. Barksdale
(CONTINUED NEXT PAGE)
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Table l.(Cont.)
Species
Isolate 
Designation Host
Isolate Origin 
Location Isolated By
C. truncatum CM-48 Soybean IL J. Sinclair
CM-11 Soybean IL J. Sinclair
C. orbiculare CROWLEY Cucumber LA L. Black
CORONA Cucumber LA L. Black
C. lindemuthianum GAMMA Bean MI A. Saettler
BETA Bean MI A. Saettler
C. higginsianum SNOW Turnip LA L. Black
C. falcatum RIVELLI Sugar cane LA V. Rivelli
HOY Sugar cane LA J. Hoy
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tomato, and apple fruit were incubated in the open on a laboratory 
bench top while snap bean, strawberry, and blueberry fruit were 
incubated in plastic boxes. Plastic boxes were covered for the initial 
24 hr to maintain a high relative humidity, then the cover was removed 
for the remainder of the incubation period. Incubation periods ranged 
from 5 to 14 days depending on the host inoculated. Lesion development 
on strawberry fruit was rated for 5 days after inoculation (DAI), on 
peppers, tomatoes, snap beans, and blueberries at 9 DAI, and on apples 
at 14 DAI. Assessment of the virulence of an isolate was based on a 
disease severity rating (DSR). A DSR scale based on the diameter of 
the developing lesions was developed for strawberry, 4 > 18.1 mm, 3 = 
12.1-18 mm, 2 = 6.1-12 mm, 1 = 1-6 mm, 0 = no development; pepper, 4 >_
15.1 mm, 3 = 10.1-15 mm, 2 = 5.1-10 mm, 1 = 1-5 mm, 0 = no development; 
and tomato and apple, 4 > 36.1 mm, 3 = 24.1-36 mm, 2 = 12.1-24 mm, 1 = 
1-12 mm, 0 = no development. Blueberry and snap bean were rated on a + 
and - scale where + = lesion development and - = no lesion development. 
Isolates that elicited a DSR of 0 to 1 on strawberry, pepper, tomato, 
or apple, and those that were rated (-) for no lesion development on 
snap bean or blueberry were considered nonpathogenic to those hosts.
Sporulation of isolates within the lesions of apples, pepper, 
tomato, and snap bean was rated according to the percentage of the 
lesion surface covered with sporulating acervuli. The sporulation 
rating (SR) is based on a scale of 0 to 5 where 5 = 76-100% of the 
lesion covered, 4 = 51-75% of the lesion covered, 3 = 26-50% of the 
lesion covered, 2 = 10-25% of the lesion covered, 1 = lesions with a 
trace of sporulation, 0 = no sporulation. Sporulation of isolates on 
blueberry was rated using the same scale, but according to the
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percentage of the surface area of the entire fruit covered with 
sporulating acervuli.
RESULTS
Typical anthracnose symptom development occurred on all hosts, 
except snap bean, following inoculation with most isolates of C. 
gloeosporioides (Table 2). Most of the C. gloeosporioides isolates 
produced highly virulent reactions on inoculated pepper and tomato 
fruit. Colletotrichum gloeosporioides isolates were predominantly 
virulent or highly virulent to strawberry and apple fruit. Five of the 
nine isolates tested were pathogenic on blueberry. Isolate C-20 
produced light brown lesions on inoculated snap beans and although 
symptoms were atypical of bean anthracnose lesions, sporulation was 
observed (Table 3). Isolates of C. gloeosporioides sporulated on all 
hosts except Red Delicious apple fruit (Table 3). Highest mean SR 
values for all isolates of C. gloeosporioides, 2.2 and 2.0, occurred on 
tomato and pepper, respectively.
Isolates of C. fragariae were moderately to highly virulent on 
pepper, tomato, strawberry, and apple fruit (Table 2). Five of the 
seven isolates produced symptoms on blueberry fruit. Snap beans 
inoculated with C. fragariae isolates remained symptomless. Isolates 
of C. fragariae sporulated on all hosts, except snap bean (Table 3).
The highest mean SR values of 2.6, 2.0 and 2.0 were recorded on 
blueberry, tomato, and Winesap apple, respectively.
Colletotrichum acutatum isolates were pathogenic on all hosts, 
except snap bean (Table 2). All isolates were moderately to highly
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virulent on pepper and tomato. Virulence reactions on strawberry were 
moderate with reaction generally more severe on Tangi than Chandler. 
Apple cultivars also differed in their reaction to the acutatum 
isolates. Isolates tended to be more virulent on Red Rome, than on 
Winesap or Red Delicious. All isolates produced disease symptoms on 
blueberry fruit. Sporulation was observed on all hosts tested except 
snap bean. Overall, sporulation of acutatum isolates was more 
abundant than those of the other Colletotrichum spp. on most hosts 
tested (Table 3). The mean SR for all C^ acutatum isolates was 3.2 and 
3.6 on tomato and blueberry fruit, respectively.
Isolates of C^ coccodes produced symptoms on pepper, tomato, and 
apple fruit (Table 2). The reaction of the isolates on pepper and 
tomato fruit were moderately to highly virulent and on apple cultivars 
they were nonpathogenic to weakly virulent. Strawberry, blueberry, and 
snap bean were not affected by isolates of this species.
Colletotrichum coccodes isolates sporulated only on tomato and pepper 
with mean SR values of 1.7 and 0.7, respectively (Table 3).
Colletotrichum capsici isolates were virulent to highly virulent 
on pepper and tomato (Table 2). The two isolates tested on apples were 
moderately virulent on Red Rome, but ranged from avirulent to weakly 
virulent on Winesap and Red Delicious. No symptoms were observed on 
strawberry, blueberry, or snap beans inoculated with C. capsici 
isolates. Mean SR values of 2.0 and 1.7 were recorded for C. capsici 
isolates on pepper and tomato fruit, respectively (Table 3).
The host range was different for the two isolates of C. truncatum 
tested (Table 2). Both isolates were moderately virulent on pepper and 
tomato and weakly virulent on Red Rome apple. The host range of
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Table 2. Disease severity ratings on various fruit following 
inoculation^ with isolates of ten species of Colletotrichum
2
Disease Severity Rating
Straw- Blue- Snap
Pepper Tomato berry Apple berry bean
Species/
Isolate KG CL TA CH RR WS RD WD HV
C. gloeosporioides
C-15 A A A A A 3 3 - -
C-29 A A A 3 k k * + -
C-3 A A 3 2 A 3 3 - -
C-30 A A 3 3 k * * + -
C-20 A A 3 2 * + +
C-5 A A 2 3 A A A + -
NC87-21 A 3 2 2 k k * - -
GL-AP 3 3 3 3 2 2 1 + -
F. GEM 2 A & * A 3 A - -
MEAN 3.7 3.8 3.0 2.8 3.6 3.0 3.0
C. fragariae
CF-A 3 A 3 3 A 3 A - -
NC87-12 3 A 3 3 * k k + -
CG-162 3 A * * A A A + -
ARK P-l 3 3 * * A A 3 + -
LLB-A 3 2 2 2 A A 3 + -
CF-1 2 A 3 3 A A A + -
CF-63 2 3 3 2 A 3 3 - -
MEAN 2.7 3.A 2.8 2.6 A.O 3.7 3.5
C. acutatum
ARK-TOM A 3 2 3 A 3 3 + -
C-8 A 3 3 2 A 3 3 + -
MIL-2 A 3 3 2 A 3 2 + -
NC87-2A A 3 2 2 A 3 3 + -
NC87-22 A 3 3 2 A 3 3 + -
GOFF A 3 3 2 A 2 2 + -
CA-73 A 3 2 2 * * k + -
C-22 3 3 3 2 A 3 3 + -
NC87-23 3 3 3 2 A 3 3 + -
CAL-A 3 3 2 3 A 3 3 + -
C-A 3 3 3 3 3 1 2 + -
CA-56 3 3 2 2 * k k + -
DA-3 • 3 3 2 2 & * k + -
C-23 3 3 2 2 & * k + -
TB-101 3 2 3 2 2 3 2 + -
TB-128 2 3 3 2 A 3 3 + -
NC86-2 2 * 2 3 1 2 1 k k
MEAN 3.3 2.9 2.5 2.2 3.5 2.7 2.5
(CONTINUED NEXT PAGE)
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Table 2.(Cont.)
2
Disease Severity Rating
Straw- Blue- Snap
Pepper Tomato berry Apple berry bean
Species/
Isolate KG CL TA CH RE WS RD WD HV
C. coccodes
TB-145 4 3 0 0 2 2 1 - -
TRC 4 3 0 0 2 1 2 - -
NYTA 2 3 0 ' 0 2 2 1 - -
MEAN 3.3 3.0 0 0 2.0 1.7 1.3
C. capsici
FCLS 4 4 * it * it * - -
C-14 4 3 & it * * it - -
C-19 3 3 0 0 3 0 2 - -
C-24 3 3 0 0 3 1 1 - -
TB-59 3 3 0 0 * * * - -
C-25 3 3 * it it * * - -
MEAN 3.3 3.2 0 0 3.0 0.5 1.5
C. truncatum
CM-48 3 3 1 0 2 2 2 - +
CM-11 3 3 0 0 2 0 0 - -
MEAN 3.0 3.0 0.5 0 2.0 1.0 1.0
C. orbiculare
CROWLEY 0 2 0 0 1 0 0 - -
CORONA 0 2 0 0 1 0 0 - -
MEAN 0 2.0 0 0 1.0 0 0
C. lindemuthianum
GAMMA 0 1 0 0 0 0 0 - -
BETA 0 1 * * 0 0 0 - +
MEAN 0 1.0 0 0 0 0 0
C. higginsianum
SNOW 2 0 0 0 3 1 1 - -
C. falcatum
RIVELLI 0 2 it * it it * - -
HOY 0 2 * * it it it - -
MEAN 0 2.0
(TABLE 2 FOOTNOTES NEXT PAGE)
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Table 2.(Cont.)
x Pepper, Keystone Resistant Giant (KG); tomato, Celebrity (CL); 
strawberry, Tangi (TA) and Chandler (CH); apple, Red Rome (RR), 
Winesap (WS), and Red Delicious (RD); blueberry, Woodard (WD); and 
snap bean, Harvester (HV) susceptible to beta race and resistant to 
gamma race of C. lindemuthianum.
v 6y Inoculated with 25 ul of a 1.5 x 10 conidia/ml suspension.
2
Disease Severity Rating based on diameter of developing 
lesions: strawberry, A > 18 mm, 3 = 12-18 mm, 2 = 6-12 mm, 1 =
1-6 mm, 0 = no development; apple and tomato, A > 36 mm, 3 =
2A-36 mm, 2 = 12-2A mm, 1 = 1-12 mm, 0 = no development; 
pepper, A > 15 mm, 3 = 10-15 mm, 2 = 5-10 mm, 1 = 1-5 mm, 0 = 
no development; blueberry and snap bean: + = lesion
development, + = atypical lesion development; - = no lesion
development; strawberry rated 5 days after inoculation (DAI), pepper, 
tomato, blueberry and snap bean rated 9 DAI, apple rated 1A DAI. * 
indicates isolate not tested.
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X VTable 3. Sporulation on various fruit following inoculation with 
isolates of ten species of Colletotrichum________________________
zSporulation Rating______________
Blue- Snap
Pepper Tomato Apple berry bean
Species KG CL RR WS RD WD HV
C. gloeosporioides
C-29 3 4 k « 3 0
C-30 3 3 k * * 3 0
C-20 2 4 k k * 2 2
NC87-21 2 3 k * * 0 0
C-15 2 2 0 2 0 0 0
C-3 2 1 0 0 0 0 0
C-5 2 1 2 0 0 2 0
GL-AP 2 1 3 0 0 2 0
F.GEM 0 1 1 0 0 0 0
MEAN 2.0 2.2 1.2 0.4 0 1.3 0.2
C. fragariae
ARK P-l 2 4 1 3 2 4 0
LLB-4 1 3 3 4 2 4 0
CG-162 1 3 2 2 3 3 0
CF-1 0 2 2 0 2 3 0
CF-63 0 1 2 3 2 0 0
CF-4 0 1 0 0 0 0 0
NC87-12 1 0 * * k 4 0
MEAN 0.7 2.0 1.6 2.0 1.8 2.6 0
C. acutatum
CA-73 3 5 * * * 4 0
DA-3 3 4 * * & 5 0
ARK TOM 3 4 4 3 0 4 0
C-8 3 4 3 3 3 4 0
NC87-22 2 5 4 4 4 5 0
CA-56 2 4 * * k 5 0
C-22 2 4 0 4 3 4 0
NC87-24 1 4 4 4 2 4 0
TB-101 1 1 3 0 2 3 0
GOFF 1 1 0 0 0 2 0
NC86-2 1 * 3 0 0 * 0
TB-128 0 4 4 4 3 4 0
C-23 0 4 * k * 4 0
C-4 0 3 0 0 0 4 0
MIL-2 0 1 4 4 2 3 0
NC87-23 0 1 0 0 0 0 0
CAL-A 0 1 0 0 0 2 0
MEAN 1.4 3.2 2.2 2.0 1.5 3.6 0
(CONTINUED NEXT PAGE)
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2
Sporulation Rating
Blue- Snap
Pepper Tomato Apple berry bean
Species KG CL RE WS RD WD HV
C. coccodes
TB-145 1 2 0 0 0 0 0
TRC 1 1 0 0 0 0 0
NYTA 0 2 0 0 0 0 0
MEAN 0.7 1.7 0 0 0 0 0
C. capsici
C-25 3 2 it it it 0 0
C-14 2 3 it it it 0 0
C-24 2 2 0 0 0 0 0
C-19 2 1 0 0 0 0 0
FCLS 2 1 it it it 0 0
TB-59 1 1 * it it 0 0
MEAN 2.0 1.7 0 0 0 0 0
C. truncatum
CM48 2 2 3 0 0 0 0
CM11 0 1 0 0 0 0 0
MEAN 1.0 1.5 1.5 0 0 0 0
C. orbiculare
CROWLEY 0 1 0 0 0 0 0
CORONA 0 0 0 0 0 0 0
MEAN 0 0.5 0 0 0 0 0
C. 1indemuth i anum
GAMMA 0 1 0 0 0 0 0
BETA 0 0 0 0 0 0 0
MEAN 0 0.5 0 0 0 0 0
C. higginsianum
SNOW 0 0 0 0 0 0 0
C. falcatum
RIVELLI 0 1 it * * 0 0
HOY 0 1 it it * 0 0
MEAN 0 1.0 - - - 0 0
(TABLE 3 FOOTNOTES NEXT PAGE)
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Table 3. (Cont.)
x Pepper, Keystone Resistant Giant (KG); tomato, Celebrity (CL); 
apple, Red Rome (RR), Winesap (WS), and Red Delicious (RD); 
blueberry, Woodard (WD); and snap bean, Harvester (HV) susceptible to 
beta race and resistant to gamma race of C. 1indemuthianum.
v 6y Inoculated with 25 ul of a 1.5 x 10 conidia/ml suspension.
2
Sporulation rating based on a scale of 0-5 were 0 = no 
sporulation, 1 = lesions with a trace of sporulation, 2 =
10-25% of the lesion covered, 3 = 25-50% of the lesion covered,
4 = 50-75% of the lesion covered, 5 = 75-100% of the lesion 
covered; 9-10 replications per isolate; pepper, tomato, 
blueberry, and snap bean rated 9 days after inoculation (DAI), 
apple rated 14 DAI. * indicates isolate not tested.
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isolate CM-48 also includes Winesap and Red Delicious apple and 
Harvester snap bean. Although this isolate produced tannish brown 
lesions on snap bean, the dark, sunken lesions characteristic of bean 
anthracnose were not observed. Colletotrichum truncatum isolate CM-48 
sporulated on pepper, tomato, and Red Rome apple, while isolate CM-11 
produced only a trace of sporulation on tomato fruit (Table 3).
Small lesions developed on tomato and Red Rome apple fruit 
inoculated with isolates of C. orbiculare, these reactions were rated 
as only weakly virulent on tomato and avirulent on apple (Table 2). No 
other fruit inoculated with isolates of C. orbiculare developed 
symptoms.
The beta race of C. lindemuthianum caused typical bean anthracnose 
lesions on the snap bean pods while pods inoculated with the gamma race 
remained symptomless (Table 2). Harvester snap bean is susceptible to 
beta race and resistant to gamma race (5). Both isolates of C. 
lindemuthianum produced small lesions on tomato fruit but were rated as 
avirulent. None of the other hosts reacted when inoculated with either 
of the two isolates of C. lindemuthianum.
Lesions developed on pepper and apple fruit inoculated with the 
single isolate of C. higginsianum tested (Table 2). The isolate was 
weakly virulent on pepper and ranged from avirulent on Winesap and Red 
Delicious to moderately virulent on Red Rome. No lesion development 
occurred on other fruit inoculated with the C. higginsianum isolate.
Colletotrichum falcatum isolates caused weakly virulent reactions 
on tomato fruit, but lesions failed to develop on inoculated pepper, 
blueberry, and snap bean (Table 2). The two C. falcatum isolates were 
not tested on apple or strawberry.
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DISCUSSION
Virulence of isolates of 11 Colletotrichum spp. to pepper, tomato, 
strawberry, apple, blueberry, and snap bean fruit was determined to 
evaluate their potential to cause fruit rots among these hosts.
All C. gloeosporioides isolates were virulent on pepper, tomato 
strawberry, and apple. live of the nine isolates were virulent on 
blueberry and one isolate caused small lesions on snap bean. The DSR 
varied somewhat among C. gloeosporioides isolates on each host, but the 
host ranges for all isolates were similar. The only notable exception 
was the blueberry fruit which were rotted by some isolates but not 
others. Snap bean appears not to be a host for C. gloeosporioides even 
though isolate C-20 did induce small light brown lesions on the bean 
pods.
Colletotrichum fragariae is considered synonymous with C. 
gloeosporioides by some researchers (1,10), but distinct by others (7). 
For the purpose of the present study, all isolates that originated from 
strawberry are designated C. fragariae. Based on reactions of 
inoculated fruit, isolates of the two species could not be 
distinguished.
No host specificity was observed among the C. acutatum isolates. 
Isolates originated from 9 different hosts, but all of them elicited 
similar fruit responses. Dingley and Gilmour in 1972 reported a form 
species, C. acutatum f.sp. pinea which causes 'terminal crook' of Pinus 
spp. (4). A culture of this form species was not available for 
comparision, but no evidence of specificity existed among the isolates
kb
tested in the current study.
The host range of C. capsici and C. coccodes isolates was limited - 
among the fruit tested. Neither species produced lesions on 
strawberry, blueberry, nor snap bean. Maas and Howard reported lesion 
development on strawberry fruit with isolates of C. coccodes and C. 
capsici (7). Our results are similar to earlier reports by Barksdale 
who stated that lesions failed to develop on strawberries inoculated 
with C. coccodes and only half of the C. capsici (= C. 
dematium)-inoculated berries developed lesions (2). In our study, no 
lesions were observed on strawberries inoculated with isolates of C. 
capsici including the same isolate, C-59 (= TB-59) used by Barksdale 
( 2) .
Colletotrichum truncatum isolates were similar to isolates of C. 
capsici in their host range and virulence reactions. Only the weakly 
virulent reaction of C. truncatum isolate CM-48 on Winesap apples 
differentiated the two species.
Colletotrichum spp. tested that are known to have a limited host 
range include: C. orbiculare, C. lindemuthianum, C. falcatum and C.
higginsianum (10). Virulence reactions on inoculated fruit confirmed 
the limited host range among isolates tested of these four species.
All isolates of these four host specific species were avirulent or 
weakly virulent on the fruit tested except the beta race isolate of C. 
lindemuthianum which caused typical anthracnose lesions on Harvester 
snap bean. The isolates of C. lindemuthianum and C. orbiculare were 
virulent in whole plant inoculations of bean and cucumber plants, 
respectively (L.L. Black, personal communication).
Virulence and the degree of sporulation of any given isolate on a
47
host were not necessarily related. Colletotrichum gloeosporioides 
isolates C-15, C-3, and C-5 were highly virulent on pepper, tomato, and 
apple but little or no sporulation was observed in association with the 
lesions. Whereas, C. gloeosporioides isolate C-20 sporulated on snap 
bean even though it was considered to be weakly virulent.
The highest degree of host specificity was observed with C. 
orbiculare, C. 1indemuthianum, C. falcatum, and C. higginsianum. 
Isolates of these species were avirulent or weakly virulent on species 
other than their original host. Colletotrichum coccodes, C. capsici, 
and C. truncatum were somewhat specialized in that all three species 
were pathogenic on pepper, tomato, and apple but not on strawberry, 
blueberry, or snap bean. Colletotrichum gloeosporioides, C. fragariae, 
and C. acutatum were the least host specific of the species tested, 
failing to cause disease in snap bean only. Both C. gloeosporioides 
and C. fragariae isolates varied in their pathogenicity to blueberry. 
There was no evidence of host specificity among isolates of C. 
acutatum. The only line of evidence for specialization among isolates 
of C. gloeosporioides and C. fragariae was that isolates of both 
species varied in their pathogenicity to blueberry fruit.
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CULTURAL AND CHEMICAL MANAGEMENT 
PRACTICES FOR CONTROL OF 
PEPPER ANTHRACNOSE
ABSTRACT
The role of crop debris and seed as sources of inoculum for the 
development of pepper anthracnose was investigated. Pepper plantings 
which consisted of 'clean seed in a clean field', 'infected seed in a 
clean field' and 'clean seed in an infested field' were established and 
observed for disease development. Incidence of anthracnose incited by 
Colletotrichum capsici and C. gloeosporioides ranged from 36 to 93% 
throughout the season on pepper pods grown in fields with infested crop 
debris and on pods from plants grown from infected seed. Low levels, 3 
to 6%, of pod infection caused by C. gloeosporioides occurred during 
early and midseason in fields with no known source of inoculum, 
suggesting the precence of a native plant host(s). Fungicide timing 
studies were conducted to determine the efficacy of maneb (Manex) and 
chlorothalonil (Bravo 500) sprayed at 1 to 4 wk intervals for control 
of pepper anthracnose in cayenne and bell peppers. Mean seasonal 
disease loss in the unsprayed control plots was 76%, while mean disease 
losses in the weekly sprayed chlorothalonil and maneb plots were 25 and 
37%, respectively.
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INTRODUCTION
Pepper anthracnose incited by Colletotrichum spp. is a limiting 
factor in the production of mature pepper (Capsicum spp.), worldwide. 
Pre- and postharvest losses of 50% or more have been reported
(5,10,13).
Colletotrichum gloeosporioides (Penz.) Sacc. (=C. piperatum (E. & 
E.) E. & H.) (4,12,13) (=Gloeosporium piperatum E. & E.) (9,10) and C. 
capsici (Syd.) Butl. & Bisby (2,5,15) are reported to be seed-borne by 
way of both infected and infested seed. In a study of seed extracted 
from cayenne (Capsicum annuum L.) pepper pods coinfected with C. 
capsici and C. gloeosporioides, C. capsici infected the seed coat and 
occurred as a surface contaminant while C. gloeosporioides occurred 
only as a surface contaminant (J.F. Hadden, unpublished).
It is generally believed that seed-borne inoculum and debris from 
infected plants provide inoculum that leads to development of 
anthracnose on pepper pods. However, little work has been done to 
establish a link between these sources of inoculum and the fruit rot 
phase of the disease. In fact, Chowdhury (l) stated that C. 
capsici-infected seed plays little part in development of anthracnose 
of chillies in India. Several workers (4,5,12) have shown the 
importance of seed-borne inoculum in pre- and post-emergence 
damping-off of pepper seedlings. Halsted (7) and Higgins (9) stated 
that infested field debris is of little importance in the development 
of anthracnose, while a more recent report by Smith and Crossan (13) 
states that infested crop debris is an important source of inoculum.
Losses due to pepper anthracnose in Louisiana are minimized by
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numerous hand harvests to remove cayenne and tabasco (Capsicum 
frutescens L.) fruit from the field as soon as it matures followed by 
immediate processing of the harvested fruit. These procedures 
effectively reduce disease losses because the fruit is removed and 
processed before symptoms have a chance to develop on the pods. With 
the trend towards mechanical harvesting , anthracnose has the potential 
of becoming a limiting factor in pepper production because the time 
which mature pepper pods would have to remain in the field prior to 
harvest would be increased greatly. Under these circumstances, serious 
disease losses could be expected unless other control strategies are 
employed.
Dithiocarbamate fungicides, such as maneb, provide some protection 
(1,11,12) and are recommended for control of the disease in Louisiana 
(16). Cholorothalonil is recommended for control of anthracnose of 
tomato (16), a disease which appears to be caused by the same organisms 
(6) that cause pepper anthracnose, but this material has not yet been 
approved for use on peppers.
The objectives of our study were to determine the role of infected 
seed and infested crop debris in disease development, and to evaluate 
maneb and chlorothalonil at various application intervals and in 
combination with stylet oil for efficacy in controlling anthracnose.
MATERIALS AND METHODS
Inoculum source studies. A study was initiated to determine the 
importance of seed and crop debris as sources of inoculum which 
contribute to the development of anthracnose on mature pepper pods.
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Three treatments consisting of 'clean seed' in a 'clean field' (CS-CF), 
'clean seed' in an 'infested field' (CS-IF), and 'infected seed' in a 
'clean field' (IS-CF) were employed.
Seed for the 'infected seed' treatment were extracted from pods of 
cayenne selection, LSU 16, coinfected with C. capsici and C. 
gloeosporioides. Seed of the same selection produced in an arid area 
without overhead irrigation were used in the 'clean seed' treatments. 
The 'clean field' treatments were located in fields in which there had 
been no pepper production for more than 20 years. The 'infested field' 
treatment was located in an area in which pepper heavily infected with 
C. capsici and C. gloeosporioides had been grown the previous year.
Six-week-old pepper transplants were produced in the greenhouse in 
model 200 'TODD' planter flats (Speedling Inc., Sun City, FL) using 
Jiffy Mix-Plus (Jiffy Products of America, West Chicago, IL) as the 
growing medium. The plants from 'infected seed' and the plants from 
'clean seed' were maintained on separate greenhouse benches. The 
plants were transplanted into the field with a 38 cm in-row spacing on 
rows which were on 1.2 m centers. The rows were raised, shaped beds 
covered with aluminum painted plastic film mulch. Treatments were 
replicated four times. Each replication consisted of two rows 30.5 m 
in length. Treatments were located in different fields which were 
physically separated by a minimum of 150 m. The experiment was 
Conducted twice.
The effect of the treatments on disease incidence was evaluated 
on two harvest dates in 1984 and on three harvest dates in 1985. The 
percentage of diseased pods was determined by counting a 50 pod 
subsample of the total harvest of each replication. At least 15
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lesions from each subsample were examined microscopically to determine
the species of Colletotrichum involved.
Fungicide studies on cayenne and bell pepper. A chemical spray 
study was conducted to evaluate two fungicides and frequency of their 
application for anthracnose control in bell, Bell Boy, and cayenne 
selection, LSU 16, peppers. Two fungicides, maneb (Manex AF) and 
chlorothalonil (Bravo 500), were applied at 1.9 ml/liter and 3.8
ml/liter, respectively. Fungicides were applied at a pressure of 7
2
kg/cm (100 p.s.i.) to the point of run-off with a tractor-drawn 
drop-boom spray system using three to five TX26 hollow cone nozzles 
(Spraying Systems Co., Wheaton, IL). Applications of fungicides at 1 
to A wk intervals began on June 26 when a majority of the plants were 
at the first bloom stage and continued throughout the season ending on 
November 2. A treatment which received no fungicide application served 
as the control.
Peppers were direct seeded by the plug-mix method (8) with a 38 cm 
spacing between plants on raised rows on 1.2 m centers covered with 
aluminum painted plastic film mulch. Unplanted alleys of 1.2 m were 
maintained between treatment replications. Each replication was 6.9 m 
long and consisted of approximately 18 plants. The experiment was 
arranged in a randomized complete block design with four blocks and 
five treatments per fungicide. The research plot was planted in a 
field in which a pepper crop severely affected by anthracnose had been 
grown the previous year.
Disease incidence was determined by counting the number of 
diseased pods in a 50 pod subsample from each replication at each 
harvest. Bell peppers were hand harvested five times and cayenne
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peppers eight times. A pod was considered diseased if a single lesion 
was found. Diseased and symptomless pods in the 50 pod subsample were 
weighed to determine the percentage of the yield that was marketable in 
each replication. Only pods free of lesions were considered marketable.
Fungicide studies on tabasco pepper. A three-year study was 
initiated in 1985 at Avery Island, Louisiana in cooperation with 
Mcllhenny Co. to assess the influence of stylet oil sprayed in 
combination with maneb and chlorothalonil on their efficacy in 
controlling anthracnose. In 1985 and 1986, treatments included maneb 
(Manex AF) and stylet oil (JMS Stylet Oil, Vero Beach, FL) applied 
individually and as a combination in a tank mix. In 1987, 
chlorothalonil (Bravo 720) and chlorothalonil tank mixed with stylet 
oil applications were added to the spray program. Each year spray 
applications began when a majority of the plants were bearing yellow 
fruit (approx. July 15) and continued at 7 d intervals throughout the 
growing season. Maneb was applied at A.O ml/liter (1.6 qt/100 gal) and 
stylet oil and chlorothalonil were both applied at 7.5 ml/liter (3.0 
qt/100 gal), respectively, using a tractor-driven drop-boom spray
2
system with 3-5 TX-A-SS nozzles. Applications were made at 28 kg/cm 
(A00 p.s.i.) to the point of run-off. A treatment which received no 
application served as a control.
Tabasco peppers were transplanted with a 0.9 m spacing between 
plants on raised rows with 1.5 m centers. The experiment was arranged 
in a randomized complete block design with A replications per 
treatment. Replicates consisted of 6 rows ranging from 30.5 to 91.6 m 
(100 to 300 ft) long. Harvests of all red pepper fruit on 
representative plants within the center two rows of each replication
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were made 5 to 6 times each year. Three 50 (1985 & 1986) or 100 (1987) 
pod subsamples from each replication were counted to determine the 
incidence of anthracnose. A pod was considered diseased if a single 
lesion was found.
RESULTS
Inoculum source studies. Infected seed and crop debris were 
studied in 1984 and 1985 for their role as sources of inoculum for the 
development of pepper anthracnose. The three treatments compared for 
their influence on disease development were CS-CF, CS-IF, and IS-CF. 
Anthracnose developed on pepper pods in all three treatments, but 
occurred at a much lower incidence on pods in the CS-CF treatment 
throughout the season (Table l). The incidence of diseased pods ranged 
from 3 to 6% in the September and October harvests of 1984 and 1985, 
while incidence of infected pods in the CS-IF and IS-CF treatments 
ranged from 36 to 81% in September and October of the same years. In 
the November harvest during 1985, disease incidence was 27% in the 
CS-CF treatment, but in the same harvest disease incidence was 92% and 
93% in the IS-CF and the CS-IF treatments, respectively.
Numbers of lesions on the pods caused by C. capsici and C. 
gloeosporioides in the IS-CF and the CS-IF treatments were about equal 
during 1984, but in 1985 they were caused predominately by C. capsici 
even though both species were present in the fields throughout the 
harvest season (Table 2). Pod infections examined in the CS-CF 
treatment during both years were due to C. gloeosporioides with the 
exception of a single pod found to be infected with C. capsici.
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Table 1. Influence of inoculum source on the incidence of pepper 
anthracnose in cayenne selection, LSU 16________________________
Percent Diseased Podsx
1984 1985
vTreatment-7 9/27 10/5 9/11 10/2 11/1
Clean seed/ 
Clean field
n z3a 4a 6a 5a 27a
Infected seed/ 
Clean field
52b 36b- 70b 81b 92b
Clean seed/ 
Infested field
64b 46c 44ab 65b 93b
^ean percentage of diseased pods was determined from a 50 pod 
subsample from each of the four replications at each harvest.
^Clean seed = Western grown disease-free seed 
Infected seed = Cayenne seed from pods infected with C. capsici 
and C. gloeosporioides 
Clean field = Field with no past history of pepper production 
Infested field = Field in which the previous year's pepper crop
was infected with C. capsici and C. gloeosporioides
zMean separation within columns on harvest dates by Duncan's new 
multiple range test (P =.05)
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Table 2. Influence of inoculum source on the prevalence of C. capsici
and C. gloeosporioides causing pepper anthracnose in cayenne selection,
LSU 16
Percentage of anthracnose 
lesions caused by C. capsici(Cc) 
and C* gloeosporioides(Cg)
1984 1985
9/27 10/5 9/11 10/2 11/1
Treatment^________ Cc Cg Cc Cg Cc Cg Cc Cg Cc Cg
Clean seed/ 
Clean field
5a 95a 0a 100a 0a 100a 0a 100a 0a 100a
Infected seed/ 
Clean field
41b 59b 60b 40b 77b 23b 100b 0b 97b 3b
Clean seed/ 
Infested field
53c 47c 53b 47b 97b 3b 97b 3b 95b 5b
Mean percentage of each pathogen was determined from 15 lesions on 
pepper in the 50 pod subsample from each of the four replications at 
each harvest.
^ Clean seed = Western grown disease-free seed.
Infected seed = Cayenne seed from pods infected with C. capsici 
and C. gloeosporioides.
Clean field = Field with no past history of pepper 
production.
Infested field = Field in which the previous year's pepper crop 
was infected with C. capsici and 
C. gloeosporioides.
Z Mean separation within columns on harvest dates by Duncan's new
multiple range test (P = 0.05).
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Fungicide studies on cayenne and bell pepper. Chlorothalonil or 
maneb applied at 1 and 2 wk intervals significantly reduced the 
incidence of anthracnose in both bell and cayenne peppers when compared 
with the control (Tables 3 & 4). Mean seasonal disease loss of cayenne 
peppers in the control plots was 76%, while mean disease losses in the 
weekly sprayed chlorothalonil and maneb plots were 25 and 37%, 
respectively. Mean seasonal disease loss of bell pepper in the control 
plots was 74%, while mean disease losses in the weekly sprayed 
chlorothalonil and maneb plots were 27 and 32%, respectively. The 
seasonal mean percentage of diseased cayenne pepper pods in plots which 
received applications of chlorothalonil or maneb at 3 or 4 wk intervals 
ranged from 70 to 77% (Table 3). The seasonal mean percentage of 
diseased bell pepper pods in plots which received applications of 
chlorothalonil or maneb at 3 or 4 wk intervals ranged from 59 to 75%. 
Application of either chemical at 3 or 4 wk intervals had little effect 
on the incidence of anthracnose when compared with the control (Tables 
3 & 4).
Cayenne pepper plants receiving applications of chlorothalonil and 
of maneb at 1 and 2 wk intervals produced yields of 15.1, 11.4, 11.4, 
and 8.9 kg of marketable fruit per plant, respectively, while untreated 
plants produced only 4.0 kg per plant (Fig. 1). Differences in yield 
of marketable fruit between treated and untreated plots were noted as 
early as the second harvest date. Cayenne peppers receiving these four 
treatments produced significantly higher yields of marketable fruit 
than the control, while yields of peppers receiving applications of 
chlorothalonil and maneb at 3 and 4 wk intervals were not significantly 
different from the control.
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Table 3. Effect of fungicides applied at various intervals on the 
control of pepper anthracnose in cayenne selection, LSU 16, during 1984
Percent Diseased Pods
Harvest Dates
Interval/
Fungicide 8/23 9/7 9/11 9/19 9/26 10/2 10/17 11/9
1 Week 
Chlorothalonil 
Maneb
18ay
25a
21a
44b
24a
46b
16a
18a
5a
10a
11a
11a
42a
61b
60a
86b
2 Week 
Chlorothalonil 
Maneb
22a
46a
30ab
72c
29a
61b'
11a
25a
10a
18ab
16a
17a
63b
79b
94cd
95cd
3 Week 
Chlorothalonil 
Maneb
92b
79b
96d
98d
83c
91c
55b
58b
34bc
33bc
39bc
40bcd
87c
91c
97cd
94cd
4 Week 
Chlorothalonil 
Maneb
83b
92b
86cd
94d
86c
88c
53b
54b
32bc
40cd
37b
61d
85c
89c
97cd
96cd
No Spray 
Chlorothalonil 
Maneb
85b
82b
92d
94d
79c
89c
54b
62b
43cd
55d
47bcd
59cd
89c
95c
91bc
lOOd
^ean percentage of diseased pods was determined from a 50 pod 
subsample from each of the four replications at each harvest.
yMean separation within columns on harvest dates by Duncan's new
multiple range test (P = 0.05).
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Table 4. Effect of fungicides applied at various intervals on the 
control of anthracnose in bell pepper, Bell Boy, during 1984______
Percent Diseased Podsx
Harvest Dates
Interval/
Fungicide 8/9 8/23 9/7 9/11 9/19
1 Week
Chlorothalonil 14a 35a 28a 41ab 19a
Maneb 9a 25a 72b 41ab 13a
2 Week
Chlorothalonil 20a 21a 68b 31a 26ab
Maneb 20a 50ab 86b 74bc 32abc
3 Week 
Chlorothaloni1 27a 93c 97b 67bc 52bcd
Maneb 15a 75bc 76b 65bc 66d
4 Week
Chlorothalonil 41a 89c 98b 83c 64cd
Maneb 32a 86c 96b 70bc 73d
No Spray
Chlorothalonil 30a 87c 100b 82c 71d
Maneb 23a 81c 99b 85c 77d
Mean percentage of diseased pods determined from a 50 pod subsample 
from the four replications at each harvest.
^ Mean separation within columns on harvest dates by Duncan’s new
multiple range test (P = 0.05).
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Accumulated marketable fruit yields of bell pepper followed a 
trend similar to that of cayenne pepper. Bell pepper plants receiving 
applications of chlorothalonil at 1 and 2 wk intervals produced the 
highest yields followed by those plants receiving 1 and 2 wk interval 
applications of maneb. Statistical differences in yield of accumulated 
marketable fruit of bell pepper were observed only on the September 11 
harvest date. By this date peppers receiving applications of 
chlorothalonil at 1 and 2 wk intervals had produced significantly more 
marketable fruit when compared with the control. Although statistical 
differences between treatments were not observed at the later harvest 
dates, measured yields of bell peppers treated with chlorothalonil at 1 
and 2 wk intervals continued to be higher than those from control 
plots.
Fungicide studies on tabasco pepper. Applications of 
chlorothalonil and maneb significantly reduced the level of anthracnose 
in tabasco pepper on two harvest dates in 1985 and a single harvest 
date in 1987 when compared to the unsprayed control (Tables 5 & 7). 
Disease incidence remained below 10% in all treatments throughout the 
1986 season and no differences among treatments were observed (Table 
6). Applications of oil in combination with either maneb or 
chlorothalonil were also effective in significantly lowering the 
disease incidence when compared to the control, while stylet oil alone 
had no influence on reducing the incidence of anthracnose.
DISCUSSION
One of the objectives of the current study was to examine various
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Figure 1. Kilograms of accumulated marketable fruit: A) cayenne and B) 
bell peppers as influenced by weekly and biweekly applications of 
chlorothalonil (Bravo 500 at 3.8 ml/liter) and maneb (Manex 4F at 1.9 
ml/liter). B1 and B2 = chlorothalonil weekly and biweekly, Ml and M2 = 
maneb weekly and biweekly, Control = no fungicidal application. Each 
value is a mean of four replications per treatment; each replication 
was 6.9 m long and consisted of 18 plants in single rows on 1.2 m 
centers.
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Table 5. Effect of weekly applications of maneb and maneb stylet-oil
combination sprays on the incidence of anthracnose in tabasco pepper
pods - Avery Island, 1985__________________________________________
Percent Infected Pods
Treatment^
Harvest Dates
8/23 9/6 9/20 10/4 10/18 11/8
Maneb 14.0aZ 0.8a 0.9a 0.7a 9.2b 13.9a
Maneb/Oil 14.7a 2.4a 1.2a 1.2a 4.0a 15. 8a
Oil 22.3b 2.5a 1.2a 0.7a 11.4c 18.0a
No Spray 21.0b 1.3a 1.2a 2.4a 22.2c 23.5a
X Based on average counts of a minimum of 150 fruit from three plants 
in each of four replications of treatment.
^ Applications made at 7 day intervals: Maneb (Manex 4F) at 1.6 qt/100 
gallon; Oil (JMS Stylet Oil) at 3.0 qt/100 gallon; and an untreated 
control.
Z Mean separation within columns on harvest dates by Duncan's new 
multiple range test (P = 0.05).
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Table 6. Effect of weekly applications of maneb and maneb-stylet oil
combination sprays on the incidence of anthracnose in tabasco pepper
pods - Avery Island, 1986_________________________________________
Percent Infected Pods
Harvest Dates
Treatment^ 8/28 9/11 9/25 10/16 10/30
Maneb 0.8az 0.0a 0.2a 8.0a 9.5a
Maneb/Oil 1.7a 0.0a 0.0a 2.3a A. 3a
Oil 0.7a 0.5a 0.5a 3.8a A.7a
No Spray 0.7a 0.5a 0.3a 2.5a 6.5a
Based on counts of a minimum of 150 fruit from three plants in each
of four replications on each harvest date.
^ Applications made at 7 day intervals: Maneb (Manex AF) at 1.6 qt/100 
gallon; Oil (JMS Stylet Oil) at 3.0 qt/100 gallon; and an untreated 
control.
2
Mean separation within columns on harvest dates by Duncan's new 
multiple range test (P = 0.05).
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Table 7. Effect of weekly applications of chlorothalonil and maneb
alone and in combination with stylet oil sprays on the incidence of
anthracnose in tabasco pepper pods - Avery Island, 1987___________
Percent Diseased Pods
Treatment^ 8/17 9/02 9/21 10/12 11/06 12/03
Chlorothalonil 0.7aZ A.3a 2.5a 0.2a 0.8a 6.9a
Chlorothalonil/Oil 0.5a 2.1a 2.1a 0.8a 1.9a 3. 2a
Maneb/Oil 0.3a 1.8a 1. 6a 0.7a 1.0a 2.8a
Control 0.7a A. 0a 2.7a 1.1a 3.7a 15.8b
Percent diseased pods determined from three 100 pod samples per 
replication; four replications per treatment.
^ Applications made at 7 day intervals: Chlorothalonil (Bravo 720) at 
3.0 qt/100 gallon; Maneb (Manex AF) at 1.6 qt/100 gallon; Oil (JMS 
Stylet Oil) at 3.0 qt/100 gallon; and an untreated control.
Z Means followed by the same letter are not significantly different (P 
= 0.05), LSD.
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sources of inoculum for their impact on anthracnose development in 
pepper fields. During both years of the study, low levels of 
anthracnose occurred in fields with no known source of inoculum i.e., 
the CS-CF treatment. Pod infections in these fields ranged from 3 to 
6% during the earlier harvests and increased to a high of 27% in one 
late season harvest during 1985. The incidence of pods with 
anthracnose symptoms that were grown in the fields with infested crop 
debris (CS-IF) and those grown from infected seed (IS-CF) ranged from 
36 to 96% at various harvests throughout the season.
The occurrence of anthracnose in the fields in which an effort was 
made to eliminate the inoculum sources (CS-CF) suggests that there is a ' 
local source of the pathogen. The possibility of a low level of 
undetected seed infection and/or movement from other pepper fields, 
although they were separated by 150 m or more, cannot be ruled out. 
Colletotrichum gloeosporioides was the primary pathogen associated with 
pod lesions in this treatment. Based on the wide host range and the 
ubiquitous nature of C. gloeosporioides (1A), it seems likely that this 
pathogen is endemic to the area and that the inoculum came from some 
local weed host.
The high incidence of infected pods from the infested field 
(CS-IF) and infected seed (IS-CF) treatments implicates crop debris and 
seed as important sources of anthracnose inoculum. Both, C. 
gloeosporioides and C. capsici were present in crop debris plowed under 
to establish the CS-IF treatment and in the infected seed used to plant 
the IS-CF treatment. Although the percentages of lesions caused by 
each of the species were not the same each year, both C. 
gloeosporioides and C. capsici were incitants of pod infections in the
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experimental fields. These results suggest that both C. 
gloeosporioides and C. capsici can be carried from season to season by 
crop debris and seed and that any disease management program must take 
these factors into account.
The residence of the pepper anthracnose fungi from the seedling 
stage until pods are produced remains a question. Vegetative 
infections of cotyledons, leaves, and stems have been reported (2,10) 
and logically could serve as a link between primary inoculum on 
infected seed or crop debris to provide secondary inoculum for fruit 
infection. In the current study, vegetative symptoms of the disease 
were observed only once, occurring on leaves late in the 1984 season 
(J.F. Hadden, unpublished). A few scattered leaf lesions incited by C. 
capsici and C. gloeosporioides occurred long after pod symptoms had 
appeared. The lesions were small (1-3 mm) circular spots with dark 
borders and light centers. Damage to the leaves was insignificant, and 
due to their late season occurrence it is difficult to visualize a role 
for these lesions in perpetuating the disease cycle.
Both chlorothalonil and maneb were effective against anthracnose, 
but the interval between applications greatly affects efficacy. 
Application intervals of 21 days or more with chlorothalonil or maneb 
were ineffective in controlling the disease but applications of either 
material at 7 or 14 day intervals reduced anthracnose severity and 
increased the yield of marketable bell and cayenne pepper fruit (Tables 
3 & 4, Fig. 1). Requirements for fruit to be accepted as marketable in 
the current study were fairly stringent (one lesion = unmarketable) 
which might have resulted in lower marketable yields than would be 
expected in normal production conditions. Fungicidal control of
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anthracnose would have appeared more effective had the data been 
expressed in terms of lesion numbers, because most individual infected 
pods in the 1 to 2 wk treatments had one or two lesions compared to 
many lesions on the infected pods in the control.
Weekly applications of chlorothalonil and maneb were effective in 
reducing the incidence of anthracnose in tabasco pepper pods. Limited 
success in demonstrating the efficacy of these fungicides was due in 
part to the low disease pressure- throughout the study. 
Chlorothalonil-stylet oil and maneb-stylet oil combinations were as 
effective in controlling anthracnose incidence in tabasco pepper fruit 
as either of the fungicides alone. The use of these fungicide-stylet 
oil combinations not only provide the grower protection against 
anthracnose, but give the added advantage of reducing the incidence of 
many non-persistent and semi-persistent aphid-borne viruses.
The most effective treatment was weekly applications of 
chlorothalonil, and biweekly applications of this material provided 
protection equal to or better than weekly applications of maneb. The 
results with maneb agree with previous studies in which 7 or 14 day 
application intervals were effective in controlling pepper anthracnose
(11,12,13). Chlorothalonil is relatively persistent under a variety of 
environmental conditions (3). This characteristic may explain the 
increased effectiveness over maneb and permit a reduced number of 
sprays while maintaining an acceptable level of disease control. Even 
though chlorothalonil is labeled on many other vegetable crops, it is 
not labeled for use on peppers in the United States at this time. 
Presently, efforts are being made to obtain a registration for use of 
chlorothalonil on pepper which would give pepper growers a valuable
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alternative in the choice of fungicides to control anthracnose.
The appearance of C. gloeosporioides-infected peppers in the CS-CF 
treatment suggested that other hosts in the area such as weeds or other 
crop plants may serve as an inoculum source. It is not likely, 
therefore, that pepper anthracnose can be eliminated from Louisiana 
pepper fields by crop rotation and the use of disease-free seed, but 
the initial disease incidence can be greatly reduced by implementing 
these practices. Through crop rotation and use of disease-free seed 
perhaps the inoculum level can be kept sufficiently low to allow more 
successful chemical control.
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Table 1. Effect of inoculum concentration on development of lesions on 
detached red and mature green pepper, Yolo Wonder, and tomato, Bonny 
Best, fruit inoculated with Colletotrichum gloeosporioides, isolate 
C-3, and C. capsici, isolate C-19____________________________________
Lesion Diameters (mm)x
Inoculum^ Pepper Tomato
Species Concentrat ion 
(conidia/ml) Green Red Green Red
C. gloeosporioides 1 x 10a
3 x 10fi 
6 x 10°
9 x 10°
19.0aZ 
lA.8a 
17.5a 
20.8a
21.0a 
20.6a 
2A. la 
22.5a
6A.5a
A2.0a
A8.2a
62. 2a 
61.0a 
65.0a 
60.6a
C. capsici 1 x 10fi
3 x 10° 
6 x 10° 
9 x 10°
22.6a 
23.Aa 
19.0a 
21.Aa
21.2a 
22.5a 
22. Aa 
27.3a
A7.0a
56.0a
20.8a
32.2a
52.8a
56.0a
5A.0a
Mean diameter of 1 lesion on 5 to 10 fruit; measured 1A d after 
inoculation.
^ Fruit inoculated by injection of 25 ul of each conidial suspension 
under the fruit epidermis.
Z Mean separation within columns of by species according to Duncan's 
new multiple range test (P = 0.05).
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Table 2. Comparison of lesion sizes on inoculated^ attached and 
detached cayenne selection LSU 16 pepper fruit after 1A days
Species Isolate Treatment
Lesion 
Diameter (mm)
C. capsici C-19 Detached 21.7az
Attached 16.5abc
C. gloeosporioides C-3 Detached 17.8ab
Attached 12.9bcde
C. acutatum C-4 Detached 15.3abcd
Attached 12.3bcde
C. coccodes NYTA Detached 8.9de
Attached 13.8bcde
^ Fruit inoculated by injection of 25 ul of 10^ conidial suspension 
under the fruit epidermis.
z Mean separation within column of by species according to Duncan's 
new multiple range test (P = 0.05).
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